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RESEARCHMEMORANDUM

OBTAINEDFROM SECOND FLIGHT

AmITANE (A.F.NO. 46-676)

By Walter C. Williams

suMMARY

NACA instrumentationhas been installedin the

OF

X-4 airplanesto
obtain stabilityand controldata during the Northrop conducted
acce~tancetests. The results of the second flight of the X4 number 1
airplaneare presentedin this report. This flightwas made with the

, center of gravityat 19.7 percent of the mean aerodynamic chord and
with the rudder-%oost system removed.

.

The results of the flight showedthat the longitudinalstability
was positivein the clean conditionand in the gear-downflaps–up

Y condition. Records taken during landing approachand in a steadyrun
at 170 miles per hour showed that the lateraloscillationis poorly
damped. The pilot reported that the rudder controlwas adequate.

INTRODUCTION

As a part of the Air–Force– Navy – NACA transonicflight research
program,the NorthropCompanyhas constructedthe X4 airplane. This
airplane is intendedfor performingresearch on a tailless configu–
ration at high subsonicMach nunibers.

NACA recording instrumentationhas been installedin the airplane
to providedata on stabilityand control characteristicsduring the
Northrop conductedacceptancetests. The presentreport gives data
o%tainedin the second flightwith this airplane,made April 27, 1949.
l’or this flight, the center of gravity was locatedat 19.7 percent mean
aerodynamic chord in comparison with the locationof 22 percentmean
aerod=ic chord for th= first flight
addition,the rudder boost was removed
was installed.
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SYMBOIS

vi indicatedairspeed,miles per hour

$ sideslipangle, degrees

Ee eleven angle, degrees

~r rudder angle, degrees

q dynamic pressure,pounds pr square foot

s wing area, square feet

w airplaneweight, pounds

Cn
()
nW

airplanenormal-forcecoefficient ~

n normal acceleration

Subscripts:

R, L right and left elevens,respectively

JuWLANE

The NorthropX4 airplane is a semitaillessresearchairplane
having a verticaltail but no horizontaltail surfaces. It is powered
by two WestinghouseJ3~7-9 engines and is designed for flight
research in the high-subsonic speed range. Photo~aphs of the airplane
are presented in figure 1 and a three-view drawing of the airplane is
presented in figure 2. Table I lists the physicalcharacteristicsof
the airplane.

TEST INSTRUMENTATION

Because of the small size of the X4 airplaneand the instrumentation
requirementsfor the Northropstructureand engine temperaturemeasure-
ments, it was possibleto installonly a minimum of stabilityand
control instrumentation. StandardNACA internalinstrumentsrecord
altitude,airspeed,angle of sideslip,right and left eleven position,
and rudder position. In addition,the followingquantitiessure
telemeteredto a ground station: normal acceleration,altitude,
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airspeed,right and left eleven position,and rudder position. All
the records ere correlatedby a cormon timr.

The recordingairspeed and altimeter are connected to the airspeed
head on the vertical fin. A calibrationof this installationhas not
yet been made.

RXSULTSAND DISCUSSION

During this flight, the pilot took records of stabilizedruns at
three speeds,170, 210, and 290 miles per hour indicatedairspeedat
altitudesfrom 12,000 to 15,000 feet and also a record of the landing
approachand landing. The speeds presentedwith the data herein are
only approximatesince there was a leak on the static-pressureside
of the recordingairspeedsystem in a line in the instrumentcompartment.

The trim data from the three speed runs are presentedin figure 3
where the longitudinalcontrol is representedby the average eleven
deflection,and the lateral control is presentedas the difference
between the right and left eleven deflection. The v~iation of the
longitudinal-controlangle with speed as given in figure 3 shows that
the airplanepossessesadequatepositionstick-fixedlongitudinal
stabilitywith the center of gravityat 19.7 percent me+ aerodynamic
chord as compared with the slight instability with the center of gravity
at 22 percentmean aerodynamicchord shown in reference 1.

A time history of the landingapproachand landing is given in
figure 4. From this figure it can be seen that the airplane possessed
slight positive longitudinal stability with the lending gear down and
flaps up as evidencedby the increasein upward elevondeflections as
the speedwas decreased. Approximatelylko of longitudinalcontrolwas
used for landingwhich left adequate controlfor lateralmotions of the
airplane. It should be pointed out, however,that this landingwas
made well above minimum speed without flaps. It should be noted that
during the approachto landing,the small movements of the rudder
causeda lateral oscillationthat was slow to damp and even continued
at small amplitudeswith the rudder held fixed. Figure 5 gives a
further example of the poor damping of the lateral oscillation. This
figure is a time history of the stabilizedrun which the pilot made
at 170 miles per hour indicatedairspeed. It should be noted that the
controlsme held essentiallyfixed while the airplane oscillatedin
sideslip. Figure 4 and figure 5 indicatethat the lateral oscillation
has a period of approximately2 to 3 seconds W that the oscillation
damps to half-amplitude in approximately 4 to 5 seconds.
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The pilot was satisfied with the longitudinal stability with the
center of gravity at 19.7 percent mean aerodynamic chord. “l’he rudder
control was considered adequate. Although the pilot did not consider
the poor damping of the lateral oscillation objectionable at the speeds
for which data are presentedherein, he encountereda poorly damped
lateral oscillationat 290 miles per hour which he consideredvery
ob~ectionahle. The pilot, however,did not get a record of this
oscillation.

CONCLUSIONS

From data obtained from the second flight of the Z4 number 1 air-
plane, it is indicatedthat:

1. ‘lheaairplmehas positive longitudinal stability with the
center of gravity at 19.7 percent mean aerodynamic chord in the clean
condition and in the gesr+lown flaps-up condition.

2. The lateral oscillationappesrs to be poorly dsmped.

3. The rudder control was reported lythe pilot to be adequate.

LsngleyAeronauticalLaboratory
NationalAdvisory Committeefor”Aeronautics

LangleyAir Force Basej Va.
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PEYSICAL CHARACTERISTICSOF X-4 AIRPLANE

.

.

Engines (two) . . . . . . . . . . . . . . . . . Westinghouse &3&W)L7+
Rating (each), static thrust at sea level,

pOU.IldE . . . . . . . . . . . . . . . . . . . . . . . . . . . .1600

Weight for acceptancetewta, pouxide:
Mxdmum (240 galfuel) 7050
Minimum (lOgalfueltr;p&)” ::::::::::::::: :: 76’70

Wing loading, pounds pm square foot:
Maxilmlm . . . . . . . . . . . . . . . . . . . . . . . .
Minimum . . . . . . . . . . . . . . . . . . . . , . . . :;:: &

Center+f+gavlty travel (firstflight), percent MAC:
Oeardown, full load. . . . . . . . . . . . . . . . . . . . . . 22.5
Oeardoun, empty. . . . . . . . . . . . . . . . . . . . . . . . PO.P
Oearup, fullloaa. . . . . . . . . . . . . . . . . . . . . . . 22.0
Oearup, empty. . . . . . . . . . . . . . . . . . . . . . .. . 19.7

Hetght, overall, feet . . . . . . . . . . . . . . . . . . . . . .14.83

Length, overall,feet . . . . . . . . . . . . . . . . . , . . . .23.25

Wfng:
Area, squaxefeet . . . . . . . . . . . . . . . . . . . . . ., 200
Span, feet . . . . . . . . . . . . . . . . . . . . . . . . . .26.83
Airfoflsectlon . . . . . . . . . . . . . . . . . . , . , . ,0010.~
Meanaerodynamic chord, feet . . . . . . . . . . . . . . . . . . 7.81 “
Aspect ratio. . . . . . . . . . . . . . . . . . . . . . . . . . 3.6
Rootchord, feet. . . . . . . . . . . . . . . . . . . . . . . .10.zY
Tipchord, feet . . . . . . . . . . . . . . . . . . . . . . . . 4.67
Tayrratlo . . . . . . . . . . . . . . . . . . . . . . . . . .2.2:1
Sweepback (leadingedge), de~ees “. . . . . . . . . . . . . . . 41.57
Dihedral (chord plane), de@ees . . . . . . . . . . . . . . . . 0

Wing flaps (split):
Area, 8quarefeet . . . . . . . . . . . . . . . . . . . . . . . 16.7
Span, feet.. . . . . . . . . . . . , . . . . . . . . ., . . . 8.92
Chord, percentwingchord . . . . . . . . . . . . . . . . , . . 25
ll-avel,degreea . . . . . . . . . . . . . . . . . . . . . . . . so

Dive brake dlmemiionaas flaps:
Travel,degreea . . . . . . . . . . . . . . . . . . . . . . . . 260

Elevom:
Area (total),square feet. . . . . . . . . . . . . . . . ...17.20
Span (2elevon8), feet . . . . . . . . . . . . . . . . . . . . . 15.45
Chard, percentwlngchard . . . . . . . ~ . . . . . . . . . . . 20
Movement, degrees:

up. . . . . . . . . . . . . . . . 35
Down. . . . . . . . . . . . . . . : : : ; : : : : : : : : : :

Operation . . . . . . . . . . . . Eydraullcvfth electricalemergen;~

Vertical tall:
Area, equarefeet . . . . . . . . . . . . . . . . . . . . . . . 16
Hetght, feet. . . . . . . . . . . . . . . . . . . . . , . . . . 5.96

Rudder:
Area, squaxefeet . . . . . . . . . . . . . . . . . . , , . . . 4.1
Span, feet. . . . . . . . . . . . . . . . . . . . . . . . . , . 4.3
l!ravel,degrees . . . . . . . . . . . . . . . . . . . , . , . . 30
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Figure l.- Photographs of X-4 airplane.
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Figure 1.– Concluded.
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Figure 2.- ‘l%ree-viewdrawing of X-J+airpiiiiie.
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Figure 5.- Time history of lateral
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oscillation during stabilized run. X-4
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